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Abstract 
Habitual fish consumption is associated with numerous health benefits; however, in Australia fish intake 
remains low. The aim of this study was to compare the effect of specific or general fish consumption 
recommendations on fish intake behavior over the duration of a 12-month clinical trial. Participants were 
randomized into a control group (general die-tary advice), and two intervention groups (received dietetic 
advice to consume 180 g fish/wk), with one intervention group receiving LC omega-3 PUFA supplements. 
Dietary data was available for n = 117 at baseline, n = 85 at 3 months and n = 63 at 12 months. Total, fatty 
and lean fish intake (g/day) was calculated, and the change in fish intake between and within groups over 
the duration of the study was measured. Total fish consumption did not differ significantly be-tween 
groups or within groups, however fatty fish intake was significantly greater in the intervention groups at 
three months (p = 0.004). The proportion of study participants complying with fish intake 
recommendations was also highest at the three month time point for both intervention groups. Overall, 
compliance to fish intake recommendations was highest at the three month time point and appeared to 
be influenced by dietetic intervention. Provision of fish may in-crease compliance in future studies, 
however if research is to be translated to practice, behavioral approaches are re-quired to increase fish 
intake in the long term. 
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ABSTRACT 
Habitual fish consumption is associated with numerous health benefits; however, in Australia fish intake remains low. 
The aim of this study was to compare the effect of specific or general fish consumption recommendations on fish intake 
behavior over the duration of a 12-month clinical trial. Participants were randomized into a control group (general die-
tary advice), and two intervention groups (received dietetic advice to consume 180 g fish/wk), with one intervention 
group receiving LC omega-3 PUFA supplements. Dietary data was available for n = 117 at baseline, n = 85 at 3 months 
and n = 63 at 12 months. Total, fatty and lean fish intake (g/day) was calculated, and the change in fish intake between 
and within groups over the duration of the study was measured. Total fish consumption did not differ significantly be-
tween groups or within groups, however fatty fish intake was significantly greater in the intervention groups at three 
months (p = 0.004). The proportion of study participants complying with fish intake recommendations was also highest 
at the three month time point for both intervention groups. Overall, compliance to fish intake recommendations was 
highest at the three month time point and appeared to be influenced by dietetic intervention. Provision of fish may in-
crease compliance in future studies, however if research is to be translated to practice, behavioral approaches are re-
quired to increase fish intake in the long term. 
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1. Introduction 
Observational evidence has provided support for the 
health benefits of habitual fish consumption on a range of 
cardiovascular disease outcomes, including reduced in-
cidence of stroke [1-3] and heart failure [4], and reduced 
mortality from ischemic heart disease [5,6] and sudden 
cardiac events [7,8]. Fish is a rich source of long chain 
omega-3 polyunsaturated fatty acids (LC omega-3 PUFA), 
protein and other nutrients such as selenium, vitamin D 
and taurine [9]. As with many health organizations 
around the world, the Heart Foundation recommends 
Australians consume two to three serves of fish per week 
[10], however survey data suggests on average Austra-
lian adults are not meeting this recommendation [11]. 
This suggests that whilst the efficacy of fish consumption 
is well proven, the effectiveness of such recommenda-
tions is problematic in the free-living setting.  
Health professionals, and notably dietitians can influ-
ence eating behavior via nutrition education [12]; how-
ever, little research has focused on the impact of such 
education on fish consumption behavior. In particular, 
there is a scarcity of research investigating whether spe-
cific fish consumption advice incorporating dietary tar-
gets is advantageous in increasing fish intake behavior, 
compared to general healthy eating advice. Furthermore, 
few clinical trials investigate the effectiveness of fish 
consumption recommendations. A 12-month dietary trial 
examining the effect of LC omega-3 PUFA on weight 
loss, which utilizes specific and general fish consumption 
advice, provides a vehicle to investigate the differential 
effects of such advice on fish consumption and the ad-
herence to the advice over the duration of the study. The 
aim of the present study was to examine the effect of 
general dietary advice on fish intake compared to advice 
specifically emphasizing targets for fish consumption 
over the duration of a 12-month dietary trial.  
2. Experimental Section 
2.1. Study Design 
The dietary intervention from which data were obtained 
for this analysis was a twelve month parallel designed *The authors declare no conflict of interest. 
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randomized controlled trial [13] conducted in Wollon-
gong, a major coastal city just south of Sydney, Australia. 
The randomized controlled trial is registered with the 
Australian New Zealand Clinical Trials Registry (ACT- 
RN12608000425392, www.anzctr.org.au). Participants 
were randomly assigned to one of three diet groups: gen-
eral dietary advice with daily placebo capsules (1 g olive 
oil) (control group, C), general dietary advice plus addi-
tional advice to consume fish with daily placebo capsules 
(1g olive oil) (Fish group), and general dietary advice 
plus additional advice to consume fish with fish oil cap-
sules (640 mg eicosapentaenoic acid and docosahex-
aenoic acid) (Fish + S group). All participants received 
counseling on a healthy food plan with a 2 MJ deficit 
(including avoidance of high fat foods and use of low fat 
staple foods) provided by Accredited Practising Dieti-
tians. All participants received individualized, face-to- 
face education sessions with a dietitian, consisting of 
dietary education (1 hour) and follow-up (30 minutes) 
sessions at baseline, 1, 2, 3, 6, 9, 12 months. Participants 
in both the “Fish” and “Fish + S” groups were specifi-
cally instructed to consume 180 grams of fish per week, 
with an emphasis on consumption of fatty fish high in 
LC omega-3 PUFA. This prescription was supported by 
print materials on fish based recipes and meal ideas. Par-
ticipants in the control group were not given specific 
advice regarding fish intake, but were instructed to con-
sume a specific amount of foods rich in protein, of which 
fish was an option. As the “Fish” and “Fish + S” groups 
were both given the same advice regarding fish con-
sumption, they were combined into one group for all 
further analyses in the present study (“Fish advice”). 
2.2. Participants 
Participants were recruited from the local community by 
media advertising. Inclusion criteria were aged 18 - 60 
years, body mass index (BMI) > 25 and <37 kg/m2, waist 
circumference >94 cm for men, >80 cm for women, gen-
erally well. Exclusion criteria were major illnesses, dia-
betes mellitus, LDL ≥ 6 mmol/L, food allergies or habits 
inhibiting compliance, illiteracy, inadequate conversa-
tional English, taking fish oil supplements, inability to 
undertake study requirements, pregnancy/lactation, not 
weight stable(within 3 kg) past 6 mo, on a weight-re- 
ducing diet. Ethical approval for the research was pro-
vided by the University of Wollongong Human Research 
Ethics Committee. Signed consent was given by all par-
ticipants. 
2.3. Measurement of Fish Consumption 
Dietary information was collected by Accredited Prac-
tising Dietitians at baseline, 3 months and 12 months via 
a validated diet history [14]. Dietary data was entered 
into Foodworks (Xyris Software, Version 5, 2007), using 
the “AUSNUT All Foods” and “AUSbrands” databases. 
Where possible, nutritional data for specific brands and 
products was entered into the database.  
Fish intake was calculated as grams of fish consumed 
per day, and the percentage fish in each dish or product 
calculated based on a validated approximation of canned 
fish labels [15] and standardized recipe data. Fish con-
sumed were then classified as either lean or fatty fish, 
based on a combination of the cut-off levels proposed by 
Mina et al. [16] and Devore et al. [17] for total fat and 
LC omega-3 PUFA respectively. For example, fish clas-
sified as fatty included fresh and canned salmon, gemfish, 
silver perch and trout. 
2.4. Statistical Analysis 
The analysis reported here was a secondary analysis from 
a trial powered to test differences in weight loss. For this 
analysis, data was analyzed using SPSS (version 17.0, 
SPSS Chicago, IL, 2008). As a result of the skewed na-
ture of the data, median and range of grams of total, fatty 
and lean fish consumed were calculated for each study 
group rather than mean. Normality of the data was de-
termined using the Shapiro-Wilks test. The change in fish 
consumption within groups over the duration of the trial 
was determined using the Friedman test. Change in fish 
consumption between groups at each time point was 
measured using the Mann-Whitney test. In this analysis 
we were interested in the actual on treatment compliance 
of the subjects participating in the study. Although the 
dropout rate in the trial was substantial and the complete 
case analysis may affect the generalisability of the results 
to a larger population [18], intention to treat analysis and 
imputation approaches were not considered here as the 
interest was on the actual behavior of the study partici-
pants. This completers only approach has previously 
been used in assessing dietary adherence as a secondary 
analysis [19]. The issue of study dropout was considered 
in the primary analysis where several approaches were 
used to address the validity of the results for the primary 
outcome of weight change [13].  
Trial participants were then classified as either meet-
ing or not meeting the Smart trial fish intake recommen-
dations (180 grams of fish per week). The percentage of 
participants reaching the trial recommendations was then 
calculated. Pearson chi-square analysis was used to de-
termine if there was a significant difference between the 
proportions of participants meeting fish intake recom-
mendations in the trial groups at each time point.  
3. Results 
One hundred and eighteens participants were enrolled in 
the study at baseline, 86 remained at 3 months, and 64 
Copyright © 2012 SciRes.                                                                                  FNS 
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remained at 12 months. One participant was excluded 
from all further analysis due to implausible fish intake. 
At baseline, the mean age of participants was 45.47 ± 
8.50 years. On average participants were obese, with a 
body mass index of 31.30 ± 3.50 kg/m2, and predomi-
nantly female (75.2%). Missing data was the result of 
study dropouts, however, as was previously highlighted, 
as this was a secondary analysis of a randomized con-
trolled trial with an objective of measuring change in fish 
consumption over time, data analysis was performed on 
the subset of data available. Data is presented for only 
those participants with dietary data available at all three 
time points (n = 63). There were no significant changes 
in the median amount of total fish consumed within 
groups over time or between groups at any time point in 
the study (Table 1).  
However, when values for the median and range of 
categories of fish consumption were considered, signifi-
cant results emerged (Table 2). Participants in the con-
trol group consumed significantly less fatty fish at the 
three month time point than the “Fish advice” group (p = 
0.004).  
The proportion of trial participants meeting the trial 
fish consumption recommendations is shown in Table 3. 
A Pearson chi-square analysis indicated there were no 
significant differences between the proportion of partici-
pants in the “Fish advice” or control groups meeting the 
total fish consumption recommendation at baseline [χ2 (1) 
= 0.345, p = 0.557], 3 months [χ2 (1) = 2.714, p = 0.099], 
or 12 months [χ2 (1) = 0.027, p = 0.870]. 
4. Discussion 
The results of this study suggest that specific advice to 
increase fish consumption to 180 grams per day was 
most effective in the first three months of a dietary trial. 
This pattern of fish consumption was the result of sig-
nificantly higher consumption of fatty fish rich in LC 
omega-3 PUFA in the “Fish advice” group at the three 
month time point, with the increase in total fish at this 
time point not reaching statistical significance.  
In the present study, specific fish consumption advice 
appeared to be less effective after three months, with 
decreased adherence to recommended fish consumption 
targets in the “fish advice” group after this time. De-
creased levels of adherence over the duration of long- 
term dietary trials have been reported in other studies of 
a comparable duration [20,21], and may be the result of 
participant fatigue over the course of a twelve month trial. 
In addition, the structure of the present trial was such that 
the first three months involved intensive sessions with a 
dietitian, which became less intensive in the last nine 
months of the trial. Regular nutritional follow-up has 
been shown to be associated with increased adherence to 
dietary trial regimes [22]. The reduction in compliance to 
the fish intake recommendations in the present study, 
which coincided with fewer dietitian appointments, high-
lights the importance of continuing nutrition intervention 
and support in facilitating ongoing dietary change.  
Nutrition intervention incorporating specific fish con- 
sumption advice was also seen to influence the type of  
 
Table 1. Median (interquartile range) total fish (grams/day) consumed at baseline, three and twelve months by study group. 
Study group Baseline 3 months 12 months Friedman test p-value 
“Fish advice” 
(grams/day) 
25.34 (10.24 - 42.03) 33.55 (22.28 - 52.11) 34.33 (17.53 - 62.85) 0.072 
Control (grams/day) 27.10 (11.80 - 81.93) 28.57 (19.66 - 45.93) 28.06 (15.77 - 59.38) 0.790 
Mann-Whitney p-value 0.311 0.219 0.739  
 
Table 2. Median (interquartile range) fatty and lean fish (grams/day) consumed at baseline, three and twelve months by 
study group. 
Study group 
 Fish category 
Baseline 3 months 12 months Friedman test p-value 
Fatty (grams/day) 0.50 (0.00 - 13.42) 10.20 (0.00 - 24.07) 1.08 (0.00 - 13.76) 0.176 
“Fish advice” 
Lean (grams/day) 16.06 (6.64 - 39.55) 22.81 (10.91 - 38.13) 22.27 (9.95 - 45.37) 0.218 
Fatty (grams/day) 2.24 (0.00 - 16.64) 2.17 (0.00 - 10.71) 0.00 (0.00 - 7.18) 0.853 
Control 
Lean (grams/day) 22.86 (9.61 - 62.29) 25.71 (10.10 - 41.16) 22.19 (15.46 - 52.02) 0.662 
Fatty 0.201 0.004 0.303  
Mann-Whitney 
p-value 
Lean 0.508 0.793 0.609  
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Table 3. Proportion study participants meeting recommen-
dation to consume 180 g fish per week at baseline, three and 
twelve months. 
Study group Baseline 3 months 12 months 
“Fish advice” 23/46 (50%) 32/46 (69.6%) 26/46 (56.5%)
Control 9/17 (52.9%) 9/17 (52.9%) 10/17 (68.8%)
 
fish consumed in the trial. Significant differences in the 
consumption of fatty fish were seen between the control 
and “Fish advice” groups at the three month time point 
(Table 2). As the intervention groups were advised to 
consume fatty fish preferentially, this suggests that spe-
cific nutrition advice favorably influenced participant’s 
abilities to reach targets for the type in addition to the 
amount of fish. However, total, fatty and lean fish con-
sumption varied greatly between individuals, irrespective 
of study group (Tables 1 and 2). These findings suggest 
that future efforts to alter fish consumption behavior may 
benefit from individualized nutrition advice which takes 
into account baseline fish consumption to assist in meet-
ing dietary targets.  
The proportion of participants meeting the fish con-
sumption targets of the current study were substantially 
lower than those reported in similar studies in the litera-
ture, which often report over 90% adherence to study 
recommendations [23-26]. It should be noted however 
that these studies provided participants with the recom-
mended amount of fish to assess the efficacy of fish 
consumption on health. Provision of food products has 
been shown to increase compliance to dietary interven-
tions and resultant health outcomes [27-29]. The present 
study gave structured dietary advice based on specific 
food groups and portion sizes, which mimics that re-
ceived in the clinical dietetic setting, and is thus a good 
model to assess the effectiveness of such advice. Whilst 
long-term provision of specific fish consumption advice 
did result in some increases in fish intake, many partici-
pants did not reach the targets of the present study. 
Comparison of fish consumption in the present study 
with the National Heart Foundation’s recommendation to 
consume at least 300 grams of fish per week revealed 
that even fewer participants met this criteria (data not 
shown), raising the question of the achievability of these 
recommendations.  
Furthermore, whilst the results of this study suggest 
that that a substantial proportion of the study sample did 
not reach the targets for fish consumption, this may have 
been in part due to methodological issues associated with 
measurement of fish intake. For example, canned tuna 
products, which made up approximately one third of the 
fish consumed at each time point (data not shown), have 
been found to contain on average 60.4% fish [15], thus 
individuals may overestimate their fish consumption 
from these product. In the present study, fish consump-
tion measurements were adjusted to account for the per-
centage fish contained in such products. The implemen-
tation of nutrition interventions which educate partici-
pants on the amount of fish contained in canned products 
may overcome this problem, and may be a strategy to 
facilitate changes in fish consumption behavior in both 
clinical trials and the free-living environment.  
Measurement of fish consumption in the present study 
was based on self-reported data taken via a diet history, 
which is reliant on memory and is susceptible to report-
ing bias [30], which could be a limitation of this research. 
In the present study, however, changes in the omega-3 
index, an objective measure of LC omega-3 intake [31], 
were indicative of fish consumption in the trial groups 
[13], supporting fish consumption as reported by study 
participants. In addition, the analysis is limited by the 
study context including the participation of motivated 
volunteers for a dietary trial and the large amount of 
drop-outs in the parent trial, thus it is not possible to 
generalize these results to the wider population. However, 
as a case study in providing dietary advice on fish intake 
this study provides insights for developing nutrition edu-
cation strategies to increase consumption of this nutrient 
rich food.   
5. Conclusion 
Fish is a rich source of many nutrients and habitual con-
sumption is known to be associated with a number of 
health benefits. However, as fish intake is known to be 
low in many developed countries, research needs to con-
sider the effectiveness of consumption targets and de-
velop practical strategies to increase these levels. The 
findings of this study suggest that specific fish consump-
tion advice was most effective at increasing fish intake 
behavior in the first three months of a dietary trial. 
Maintenance of frequent nutrition follow-up after this 
point may have avoided decreases in the proportion of 
participants meeting fish consumption targets seen over 
the remainder of the trial. Future dietary studies may find 
that providing advice regarding portion sizes of canned 
products in addition to specific fish intake advice im-
proves participant’s abilities to meet fish consumption 
targets. Future efforts to ensure effective fish consump-
tion behavior may be aided by providing ongoing support 
following fish intake advice and by basing such advice 
on individual’s initial fish consumption habits. 
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